The study adopted sequential exploratory research design. A random sample of 90 water users was involved in the survey. The key informants and focus group discussions were used to collect qualitative data. Content analysis was used to analyze qualitative data. Frequency and percentage distribution of the responses were computed by using Statistical Package for the Social Sciences (SPSS). The results show that 43 (47.7%) of the sample experienced groundwater disputes, between and or among water users themselves, or between groundwater governance structures, at least in the previous five years since 2013. This is attributed to poor governance and failure of the actors in abiding to the guidelines of the Water Resource Management Acts of 2009 (WRMA), particularly lack of transparency, destruction of water pumps and unequal distribution of water among groundwater users. Some disputes were resolved successfully at water users' level, while those occurred between governance structures were difficult to resolve. The article concludes that there was poor groundwater governance and therefore disputes occurred. The disputes could develop into conflicts if continue unabated. Therefore, the article recommends strengthening of groundwater governance in abiding to the Acts. It also recommends a comprehensive governance structural arrangement, formal and informal institutions to enhance groundwater governance, specifically resolving groundwater disputes to avoid conflicts in future.
INTRODUCTION
The need for groundwater use is globally increasing especially in semi-arid and arid environments where surface water is dwindling mainly because of climate and environmental changes. About 90% of all accessible freshwater is invisible groundwater found in aquifers (Jarvis, 2008; Earth Security Group, 2016) .
As such, aquifers are critical for improving water supply and for the peoples' livelihoods, more generally. This calls for concerted efforts, to put up a framework regarding governance structures and institutions for utilizing groundwater sustainably. The situation of being invisible together with lack of international laws governing *Corresponding author. E-mail: sjkabote@sua.ac.tz.
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License 4.0 International License shared aquifers suggests misunderstandings in future leading to groundwater conflicts at an international level. Even though, an existing literature on conflicts over groundwater focuses mainly on contamination of wells than groundwater use and boundaries of the aquifers at different levels. Groundwater use conflicts are not conspicuously reported in the literature. Nevertheless, they unquestionably exist and are likely to increase in the near future because of many factors like increasing demand for groundwater use, inadequate monitoring, lack of understanding of the groundwater resource, ineffectiveness of water governance structures and institutions in managing groundwater, specifically, weak policies, laws and by-laws, and inadequate administrative capacity at a local level (United Nations Environmental Security, 2004; Foster and Garduno, 2013; Robins and Fergusson, 2014; Gudaga et al., 2018a) . Other factors include fragmented planning and management, lack of integrated approaches, climate change, conflicting sectoral policies, rapid population increase and economic development (Kweka-Msale and Magina, 2009; Kashaigili, 2010; URT, 2012) .
Some writers like Tuinhof et al. (2011) argue that the causes of groundwater use conflicts vary based on the circumstances like drying up water wells, water pollution, and reduction of base flow. This suggests that a well established and strengthened structural and institutional arrangement for groundwater conflict resolution need to be in place at local, national and international level. It is clear from the literature that information on water use conflicts in most Sub-Saharan African countries like Tanzania is mainly about surface than groundwater. For example, a study conducted by Facius (2008) identifies three types of surface water use conflicts: first, irrigation farming conflicts that occur between upstream and downstream users, because the upstream water users are perceived to use too much water; secondly, pastoralists conflicts that occur between one another over the use of wells for cattle; and domestic users conflicts that occur when one user fails to wait for his/her turn when getting water from wells, riverbeds or from taps. The same study shows that the mechanism for conflict resolution involves between the actors when the offender pays a fine to the victim or reconstruct a well. Water conflict resolution also involves governance structures like the Village Council, Water User Associations for issues concerning irrigation, pastoralist groups and households. Households are critical in perpetuating norms, values and behaviour that regulate water use at a household, community and society level. Water Basin offices are rarely involved in resolving water use conflicts in Tanzania.
The concept of conflict is defined very clearly in the literature as disagreement or misunderstanding within, between and or among individuals, groups and governance structures that develops into violent actions including physical fighting (Kweka-Msale and Magina, 2009) . The misunderstanding becomes a conflict when it has serious impacts on the parties involved because of poorly managed changes in policy, legal or institutional context, political, economic and social changes. Using this line of thinking, such conflicts become groundwater use conflicts if they occur among or between groundwater users, or between governance structures responsible for groundwater governance. In this article, we consider to be disputes if misunderstanding between the parties does not develop into violent actions. Resolving groundwater conflicts therefore requires adequate technical understanding of the parties involved, the causes and governance structures and institutions critical for addressing them.
In Sub-Saharan African (SSA) countries including Tanzania, customary institutions that include norms, values and attitudes are undoubtedly strong in resolving and preventing surface water conflicts because they are rooted in the local society and therefore respond well to the local water situation than, sometimes, formal institutions. Such informal institutions are in most cases flexible and capable of adjusting ecological uncertainties. In recent years, interactions between groundwater, communities and society particularly in semi-arid and arid environments has increased in SSA including Tanzania (Kashaigili, 2010; Villholth, 2013) . This leads to the argument that groundwater use conflicts are certainly inevitable especially if institutions and governance structures to manage groundwater and or water resource in general are not effective to influence groundwater users' behaviour. As it is for surface water, informal institutions like norms, values and attitudes should be applied in groundwater conflict resolution because they appear to be effective regarding water governance (Gudaga et al., 2018a; 2018b) . These however, should work simultaneously, but in a coordinated way, with formal institutions like policies, rules and regulations to enhance groundwater governance.
Based on the foregoing introduction, it is clear that the information on groundwater use conflicts is inadequate and fragmented in Tanzania, making it difficult to comprehend and make a sold conclusion. Therefore, this article contributes knowledge to the following issues:
(1) Local level trends in groundwater use conflicts and or disputes (2) Parties involved in the conflicts or disputes (3) Causes of the conflicts or disputes and (5) Actors involved in groundwater use conflict or dispute resolution.
Addressing these issues provides knowledge on groundwater governance in the study area and in Tanzania at large. The article is organized into five sections. Section one set an introduction to the article. Section two presents the methodology used while section three describes respondents' characteristics. Section four is devoted to results and discussion and conclusions and policy recommendations are presented in section five.
METHODOLOGY
The methodology used in this article is as described by Gudaga et al. (2018a; 2018b) . The study was conducted in Mbarali District, Mbeya Region. Mbarali is one of the districts that are found in semiarid environment in Tanzania. The reason for selecting the district for study is that it is essential for two things: paddy production and a source of water for Ruaha Great River that serves water to Ruaha National Park ecology. The River is also a source of water for Mtera, Kidatu and Kihansi hydroelectric power plants. All these activities depend on surface water that is dwindling as such the use of groundwater for socio-economic activities like domestic and irrigation is promoted to sustain water in the Ruaha Great River. The district covers an area of 16, 632 square kilometres and has a population of 300, 517 (URT, 2014) . It is located at latitude 8° 51' (8.85°) S, longitude 33° 51' (33.85°) E. Altitude is almost low range from 1000 to 1800 meters above sea level (Kangalawe et al., 2012) . The minimum temperature is 19°C (June to July) while the maximum is 35°C (August to December) (Kangalawe et al., 2012) . The average rainfall is 600 mm per year, which falls between December and April and hence the district is vulnerable to water scarcity (Kayombo, 2016; Sirima, 2016) . This explains the prevalence and high prominence of groundwater use, which is extracted from shallow-wells and boreholes (Pavelic et al., 2012) .
The study employed sequential exploratory research design with two phases. Phase one involved qualitative data collection and analysis. The results from phase one were used to refine questions in the questionnaire used as data collection tool during phase two. The second phase used household survey to collect quantitative data. Focus Group Discussions (FGDs) and key informant interviews guided by checklist of items were used to collect qualitative data. The study population involved groundwater users in the selected villages. The sampling procedures involved purposive selection of three villages using criteria including availability of groundwater infrastructures. Three villages including Nyeregete, Ubaruku and Mwaluma from Rujewa, Ubaruku and Ihahi wards respectively were purposively selected ( Figure 1 ). A total of 30 groundwater users from each village were randomly selected making a sample size of 90 respondents. This sample size is considered appropriate because it allows statistical analysis leading to reasonable conclusions (Bailey, 1994) .
One FGD was conducted in each village making a total of three FGDs. Sex and age were the criteria used to select FGDs participants. These criteria were useful to get different experiences and perceptions on groundwater use conflicts from men and women and also from different age groups. A total of 32 groundwater users participated in FGDs and 53% of the participants were women. The size of FGDs ranged between 8 and 12 participants as recommended in the literature. The proportion of women FGDs participants ranged from 5 to 7 in each group. Women were involved in FGDs because they are primary water stakeholders responsible for collecting water at a household level. The information gathered during FGDs captured an existence of groundwater conflicts, parties involved in the conflicts and conflicts resolution. The Village Executive Officers (VEOs) from each village, the chairperson and secretary of Ubaruku Mpakani (UBAMPA), a Community Water Supply Organization (COWSO), were involved as key informants.
The key informant interviews were also conducted to obtain information on the existence of groundwater conflicts, parties involved in the conflicts and conflicts resolution. The key informants were selected based on the fact that they are responsible to influence positive relationship in water governance structures at different administrative levels. In addition, household survey guided by a questionnaire was used to quantify demographic characteristics, experience on groundwater use conflicts, parties involved in the conflicts, and groundwater use conflict resolutions.
Content analysis was used to analyze qualitative data by summarizing field data based on objectives of the study. Quantitative data were summarized by using Statistical Package for the Social Sciences (SPSS) by computing descriptive statistics to obtain frequency and percentage distribution of the respondents' responses.
Respondents' characteristics
Respondents' characteristics are presented in Table 1 . The analysis shows that 58.9% of the respondents were household heads. The rest were spouses and other household members. In addition, 62.2% of the respondents depended on farming activities as their main source of income followed by 18.9% who depended on small scale businesses. This implies that majority of the respondents were smallholder farmers. The crops cultivated in the study area are: paddy, maize, sunflowers and groundnuts. The study area is also known in producing vegetable crops like onion and watermelon. In Tanzania, more than 70% of the Tanzania work force depends on agricultural sector for the livelihoods (Lwoga et al., 2011) .
Respondents' responses on other sources of income apart from what is considered as a main source are presented in Table 2 . The analysis shows that 37.8% of the respondents reported livestock keeping. The rest reported casual labour, remittance and small scale business as their households' supplementary sources of income. Livestock keeping and crop production as sub sectors are the leading households' other sources of income. This implies that majority depended on farming and or livestock keeping in supporting their livelihoods. Table 3 summarizes respondents' marital status and education levels. Overall, the results show that 72.2% of the respondents were married. Out of married couples, 80% were males. With regard to the respondents' education level, 53.3% of the respondents held primary education. This implies that majority had acquired basic education.
Education is imperative for economic development in a society. This includes knowledge, skills, values and attitudes (URT, 2000). Thus, low education level may affect the use of groundwater at a household level. Table 4 shows respondents' age, household size, total number of years a household resided in the village and household annual income. The mean age of the respondents was 43 years. This implies that the sample comprised potential workforce for households' socio-economic development. Furthermore, the mean number of persons per household was 5.9. This is above 4.9 persons reported at the national level (United Nations World Food Programme and World Bank, 2013). Larger household size has implications on the amount of groundwater used at a household level.
With regard to the total number of years in which respondents resided in the village; the mean number was 18.4 years. This implies that respondents had enough experience with regard to water resource in the villages. The results also show that the mean households' annual income was Tanzania Shillings (TZS) 3,074,500, equivalent to TZS 256,208 per month per household (Table 4 ). This amount is higher than the mean income at a national level. Literature shows that the mean household income is TZS 146,000 per month per household in Tanzania (URT, 2012). The higher household income in the study area, relative to the national level, is attributed to potential socio-economic activities including paddy production that are undertaken in the Usangu plain including Mbarali District. Households with higher income are capable to paying for groundwater charges with implication to improved 
RESULTS AND DISCUSSION

Trends in groundwater use conflicts and or disputes
This article defines conflict as disagreement between the parties whether individuals or governance structures and institutions that develops into violent actions like physical fighting. The article refers to disputes if disagreement does not develop into violent actions. Table 5 presents respondents' responses on the period when they experienced groundwater use disagreements in their villages.
The results show that 47 (52.2%) of the respondents did not experience groundwater use disagreements at all, majority of them were from Mwaluma and Nyeregete. However, this does not mean that there was completely no disagreements because, overall, 43 (47.7%) of the respondents reported having experienced groundwater use conflicts in the previous five years since 2013. Most 13 (43.3%) of the conflicts were reported in Ubaruku particularly between the Village Councils and the Community Water Supply Organizations (COWSOs). These are groundwater governance structures expected to play part in resolving water conflicts. Being in conflicts themselves suggests ineffectiveness in discharging their duties for the betterment of the communities, and therefore requires intervention. The conflicts reported in this study were disagreements that did not develop into violent actions and therefore qualifying to be groundwater use disputes rather than conflicts. Some disagreements occurred unnoticed by governance structures like Village Councils. For example, during key informant interviews in Nyeregete village it was reported that there were no cases related to groundwater disagreements, which were reported by groundwater users at the Village Government Office as shown in the following quotation:
"..I have been in this office for almost three years now, I have never received any complain from my villagers related with groundwater disagreement. I do not know if there are disagreements at their water points. Perhaps they are resolved at the groundwater users' level..."
The quotation aforementioned contradicts quantitative results that revealed groundwater disputes. This can be explained by the fact that groundwater disagreements were resolved by water users themselves possibly without information at the Village Council. Unlike conflicts related to surface water in Tanzania, groundwater disputes were not that much serious in the study area. Surface water related conflicts are attributed to various factors including massive abstraction for agricultural activities without proper management (Sokile et al., 2005) . Groundwater is not a main source of water for agricultural production in the study area, but it is critical for domestic use like drinking, watering animals and paddy nurseries, cooking, washing and bricks making. This is justified by one of the key informants in the following quotation:
"Groundwater is not used intensively for irrigation activities rather it is for domestic purposes"
Based on that quotation, one can associate the disputes related to groundwater use with little utilization of the resource in agricultural production. Another reason is weak groundwater governance structures and institutions particularly policies, rules, and regulations that are reported to be not effective relative to informal ones like norms, values and customs (Gudaga et al., 2018b ). Yet, as long as the use of groundwater for domestic use is essential livelihoods (Villholth, 2013) , effectiveness of groundwater governance is required to reduce or avoid the possible groundwater use disputes that, according to the trends in Table 5 , could increase and develop into conflicts in future.
Parties involved in groundwater disputes
Overall, the results show that 60.5% of the respondents reported that disagreements occurred between and among groundwater users themselves (Table 6 ). There was however differences in responses on the parties involved between the villages. For instance, looking at Nyeregete and Mwaluma villages, 93.3% and 87.5% of the respondents respectively reported between and among groundwater users while in Ubaruku village 75% of the respondents reported between and among governance structures responsible for water governance. This implies that groundwater disagreements occurred at different levels: first at the water users' level when accessing the resource from water points, and secondly, (100) 20 (100) 8 (100) 43 (100) Numbers in brackets are percentages. Table 7 . Respondents' responses on causes of groundwater disputes (n=90). (100) 20 (100) 8 (100) (Braune and Xu, 2008) .
Causes of disputes
Causes of groundwater disputes
Overall, 17 (39.5%) of the respondents reported that groundwater disputes between and among water users occurred due to destruction of groundwater points particularly water pumps. Other factors include lack of transparency on financial reports and restriction of water distribution to the households for some reasons. Interestingly, the causes differed by villages. For instance, 66.7% and 87.5% of the respondents in Nyeregete and Mwaluma respectively reported destruction of groundwater points as major cause of disputes in their villages (Table 7) . Looking at the column for Ubaruku village, 55% and 45% of the respondents reported lack of transparency on groundwater related financial reports and restriction of water distribution to the households respectively (Table 7) . Quantitative results were in line with qualitative results. For example, in one of the FGDs it was reported that COWSO was not presenting financial reports to the groundwater users implying lack of transparency and therefore poor effectiveness of COWSOs in discharging the duties as shown in the quotation below: Based on these contradictory explanations, the article argues that groundwater governance structures lack comprehensive understanding on how to fulfil their responsibilities. In fact, what is missing is awareness about the procedures in discharging the duties of the COWSO as reported by Gudaga et al. (2018a) . Principally, the COWSOs should present financial reports to the Village Councils for discussion and accountability. The Village Councils are governance structures responsible to call for a Village Assembly where issues of income and expenditure related to groundwater use can be discussed transparently with groundwater users. Therefore, awareness creation about the procedures of discharging the duties is imperative among groundwater governance structures and groundwater users.
Governance structures involved in resolving disputes
With regard to dispute resolution, the results show that 53.4% of the respondents reported that groundwater users were mainly involved (Table 8) . In most cases, disputes were resolved without notice to the Village Councils when the offender pays fine or rehabilitate the well based on the rules and regulations in place. This is in line with qualitative data. For example, during FGD participants reported that most of the disagreements were resolved by groundwater users themselves. This quotation justifies that groundwater users themselves have a great role to resolve disputes at a local level. This is attributed to effectiveness of informal institutions to govern water resource as reported by Gudaga et al. (2018a) .
However, this does not rule out what is reported in the literature that a successful strategy of resolving and preventing water conflicts and or disputes requires institutional capacity building of formal institutions (Petersen-Perlman et al., 2017) . This implies that formal institutions should work in a coordinated way with informal ones to resolve groundwater disputes between the parts involved (Table 8 ). There were differences between the villages in terms of who resolves groundwater disputes. For instance, in Ubaruku village 50% of the respondents reported that COWSO leaders and Village Council respectively were involved (Table 8) . groundwater governance is also important for water quality control. Groundwater is a natural resource and a public good in Tanzania. For a matter of governance, water users must pay for the resource even if individuals dig and construct wells using their own cost. The government should intervene in terms of expertise especially on where about one can dig and construct a well. Participants, during Focus Group Discussions, reported that most of the groundwater users had inadequate knowledge on how and where to construct groundwater wells at a household level as shown in the following quotation:
"…We use our own indigenous knowledge to dig wells around our homes…but most of us are not aware about the proper distance from pit latrines to a groundwater well…"
That quotation suggests that there was no control regarding groundwater pollution to ensure water quality. Literature recommends that the bottom of pit latrines should be at least 2 meters underground, and a minimum horizontal distance of 30 meters between a pit latrines and a groundwater well. This recommendation aims to limit exposure to microbial contamination (Fenner et al., 2007; Foster et al., 2016) .
CONCLUSION AND POLICY RECOMMENDATIONS
Based on the results and discussion, the article concludes that it's disputes rather than conflicts that were happening. While disputes were likely to increase, they could also develop into conflicts in the future if they continue unabated. The disputes occurred at two levels: first, at water users, and secondly, at institutional level between governance structures. This made resolution of groundwater disputes difficult because groundwater governance structures who are key actors in resolving disputes were also in disagreements themselves. The Village Councils and COWSOs were in disagreement because of lack of awareness of the procedures to discharge their duties. Generally, disputes occurred because of poor awareness and failure to abide to rules and regulations stipulated in the Water Resource Management Acts of Tanzania. Therefore, governance structures were not effective in resolving disputes. Based on the conclusions, the article recommends awareness creation about the procedures on discharging the duties among groundwater governance structures and groundwater users. This is the responsibility of the Water Board Offices and district authorities. Strengthening of the governance structures in abiding to the Acts is also recommended. The article also recommends development of a comprehensive framework in terms of governance structural set up, formal and informal institutions to resolving groundwater use disputes.
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